Detecting Atlantic herring by parametric sonar by Godø, Olav Rune et al.
Godø et al.: JASA Express Letters DOI: 10.1121/1.3336398 Published Online 17 March 2010
J. Acoust. SocDetectingAtlantic herring by parametric sonar
Olav Rune Godø
Institute of Marine Research, P.O. Box 1870 Nordnes, 5817 Bergen, Norway
olavrune@imr.no
Kenneth G. Foote
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543
kfoote@whoi.edu
Johnny Dybedal
Kongsberg Defence and Aerospace AS, P.O. Box 55, Strandveien 1, 7501 Stjørdal, Norway
johnny.dybedal@kongsberg.com
Eirik Tenningen and Ruben Patel
Institute of Marine Research, P.O. Box 1870 Nordnes, 5817 Bergen, Norway
eirik.tenningen@imr.no, ruben.patel@imr.no
Abstract: The difference-frequency band of the Kongsberg TOPAS PS18
parametric sub-bottom profiling sonar, nominally 1–6 kHz, is being used to
observeAtlantic herring. Representative TOPAS echograms of herring layers
and schools observed in situ in December 2008 and November 2009 are pre-
sented. These agree well with echograms of volume backscattering strength
derived simultaneously with the narrowband Simrad EK60/18- and 38-kHz
scientific echo sounder, also giving insight into herring avoidance behavior in
relation to survey vessel passage. Progress in rendering the TOPAS
echograms quantitative is described.
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Remote detection of fish by acoustics was demonstrated by Sund in 1935,1 and ultrasonic
acoustic surveys have been an integral part of scientific surveys of pelagic2 and benthopelagic3,4
fish stocks for over 30 years. Acoustic surveys are normally carried out at discrete frequencies
in the band from 18 to 300 kHz.
Norwegian spring-spawning herring (Clupea harengus) is the largest existing herring
stock, with an annual catch exceeding 1106 tonnes.5 The stock is monitored annually with
multiple-frequency acoustics using the Simrad EK60 scientific echo sounder operating at 18, 38, 70,
120, and 200 kHz. During the period November–January, the herring winters off the northwest con-
tinental shelf of Norway, where the present study took place in 2008 and 2009.
Availability of the Kongsberg TOPAS PS18 Parametric Sub-bottom Profiler on board
R/V “G. O. Sars” has encouraged examination of its potential for surveying herring6 as well as
other fishes. This parametric sonar, with total difference-frequency band 0.5–6 kHz, may have
several advantages. At its long wavelengths, 25–300 cm, scattering is less sensitive to orienta-
tion effects, which are strong at the short wavelengths of ordinary ultrasonic frequencies used in
surveying.7,8 It may also be possible to exploit strong or resonance scattering by the
swimbladder-bearing herring, as has been done in other studies,9–13 to determine fish size,14
contributing to remote classification and avoiding biases associated with physical capture, as by
pelagic trawling.
The immediate objectives of this study are (1) to demonstrate the ability of the TOPAS
parametric sonar to detect herring in the water column and (2) to investigate the influence of the
transmit signal waveform on the detection process. The larger project goal is to use parametric
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as by echo integration,2 and the swimbladder-resonance frequency for remote sizing and other
classification.
It is noted that the TOPAS echo data presented here have not been reduced to values of
volume backscattering strength. This reduction is sufficiently complicated to require additional
processing, which is outlined.
2. Materials
In December 2008 and November 2009, wintering of Norwegian spring-spawning herring was
observed in the area (N71–72, E14–17). The behavior was different in the two years: the herring
formed layers, or shoals, in December 2008, but distinct schools in November 2009. The dif-
ference can be attributed to the one-month difference in time, with associated maturation ef-
fects.
The principal acoustic instrument used in this study was the Kongsberg TOPAS PS18
Parametric Sub-bottom Profiler.15 This parametric sonar, as a parametric acoustic array,16,17 is
based on collinear transmission of powerful signals in the band 15–21 kHz. Because of the
acoustic nonlinearity of water, the waves interact in the water column, forming a virtual endfire
array that generates new waves, especially at the sum and difference frequencies. The
difference-frequency wave is often exceptionally directional, with broad bandwidth and signifi-
cant apparent secondary source level too, e.g., 204 dB re 1 µPa at 1 m. In the case ofTOPAS, the
nominal difference-frequency band is 0.5–6 kHz, with beamwidths in the approximate range
3–5 deg. The beam can also be steered over a wide sector. Scattered difference-frequency waves
are received and detected conventionally with part of the TOPAS transducer.
In December 2008, the presence of herring in a shoal or layer enabled the acoustic
measurements to be made without the need for hunting tactics. In November 2009, the presence
of herring in rather small compact schools required use of a horizontal multibeam sonar, the
Simrad SP70 Fish Finding Sonar, operating in the band 20–30 kHz, to track schools, and vessel-
maneuvering to pass over them.
During both cruises, the observed herring was sampled with a pelagic trawl.
Conductivity-temperature-depth profiles were also taken to obtain information about sound
speed. The observation and sampling platform during both cruises was R/V “G. O. Sars,” a
4000-gross-tonne research vessel built in 2003.
3. Methods
Herring have been observed routinely by sonar including echo sounders operating at ultrasonic
frequencies since the 1950s,18 with well-developed methodology for measuring its numerical
density. This methodology has been applied here based on the Simrad EK60 scientific echo
sounder operating at 18, 38, 70, 120, 200, and 333 kHz.19 The split-beam transducer beam-
widths at 18 and 38 kHz were 11 and 7 deg, respectively, with both transmitting sinusoidal
signals in 1-ms bursts.
The initial observations were made on 7 December 2008 at position (N71.4, E16.3)
with bottom depth exceeding 1000 m.TheTOPAS and EK60 were operated simultaneously at a
nominal, constant ping rate of 1 ping/s, but without use of an external trigger signal. The phase
of the TOPAS was adjusted to avoid interference in the vicinity of the herring layer. The obser-
vations were made both with the vessel drifting freely and with the vessel sailing at its ordinary
survey speed of 5 m/s.
During the period 13–18 November 2009, the herring was observed in the middle of
the ongoing fishery at roughly (N71, E15). The TOPAS and EK60 were again operated simul-
taneously, but with use of an external trigger signal and phasing sufficient to avoid interference
in the upper 500 m. Because of the presence of herring in rather small schools, the SP70 was
used for tracking, and the vessel was maneuvered to maximize the chances of passing directly
over the schools. The vessel speed was typically in the range 1.5–4 m/s. The bottom depth was
approximately 1500–2500 m.
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4.1 First cruise, December 2008
Representative echograms of herring collected simultaneously with the TOPAS parametric so-
nar and EK60/18- and 38-kHz scientific echo sounders on 7 December 2008 are shown in Fig.
1. A pelagic trawl taken at the same position yielded a catch dominated by herring, lengths
28–36 cm, with mean 32.5 cm. The basic similarity in corresponding echograms, especially
with respect to the upper surface of the herring layer, demonstrates that the difference-
frequency band of TOPAS can detect herring aggregations in the midwater column. Other echo
data collected simultaneously during this cruise with the EK60 and TOPAS demonstrate the
detection of herring by TOPAS at least to 200 m.
The similarity in detected upper surfaces of the herring layers is also revealing of
herring behavior. Typically, herring respond to the passage of survey vessels by diving and
moving away from the vessel path.20,21 Given that the beamwidth of the TOPAS difference-
frequency beam is of order 3–5 deg, while the beamwidths of the EK60/18 and 38 kHz trans-
ducers are 11 and 7 deg, respectively, a differential effect in diving and horizontal movement
should be detectable, at least to the order of the narrowest beam diameter at the upper surface,
about 4 m. The absence of an effect suggests that the behavior is largely unaffected by passage
Fig. 1. Two sets of concurrent echograms of Norwegian spring-spawning herring in its wintering area near N71.4,
E16.3 observed from R/V “G. O. Sars” on 7 December 2008. The left set was obtained while the vessel was drifting
freely; the right set was obtained with the vessel sailing at the ordinary survey speed of 5 m/s. Echograms obtained
with the Simrad EK60 scientific echo sounder display values of the volume backscattering strength in decibels
according to the attached color bar. The echograms derived with the Kongsberg TOPAS PS18 Parametric Sub-bottom
Profiler involved transmission of a 16-ms FM signal with linear frequency dependence over the band 1–6 kHz, with
sampling at 30 kHz after a 20-ms trigger delay, represented by the blank area at the top of the echogram. These data
have not been processed, lacking both range compensation and calibration. All echograms were derived from
measurements made with proximate transducers with vertically downward oriented beams. In the EK60 echograms
collected at 5 m/s, there are extraneous signals, probably second bottom echoes, appearing at the surface and
descending through the herring records.of the vessel.
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major difference is the apparently weaker echo response with increasing depth in the herring
layer. This is interesting because the difference-frequency pressure field is still developing at
ranges where the herring layer is being measured, while the beamwidth is decreasing. However,
the TOPAS echograms have not been compensated for range, while the EK60 echograms have
been increased according to the ordinary function used for volume backscattering, discussed
further in Sec. 4.3.
It may be wondered whether the observed TOPAS echo response is consistent with the
phenomenon of swimbladder resonance, with enhanced frequency-selective scattering at the
kilohertz difference-frequencies of TOPAS. Since herring cannot inflate its swimbladder under-
water, the gas-filled sac will decrease with increasing pressure. Effects on backscattering are
relatively well known at ultrasonic frequencies,22 but much less so at the mentioned kilohertz
frequencies, although the swimbladder is expected to dominate the scattering in both frequency
regimes.9,14,23 The depth and depth history are expected to influence the backscattering to a
significant degree. At higher, ultrasonic frequencies, the elongated form of the herring swim-
bladder, with flattened deformation against the spinal vertebrae under compression,24 precludes
strong resonance scattering.25
As an aside, the EK60 echograms in Fig. 1 reveal an interesting phenomenon. Strong,
patchy scattering above the upper surface of the layer is believed to be due to individual herring
migrating to the sea surface to fill their swimbladder.26
4.2 Second cruise, November 2009
During the period 13–18 November 2009, the TOPAS PS18 parametric sonar was used with the
EK60 scientific echo sounder to observe herring in small schools off the northwest coast of
Norway. To aid the process of detection with vertically oriented transducer beams, the SP70
sonar was used to track schools from horizontal ranges extending to about 1500 m.
The schools were so numerous at the beginning of the cruise that it was a relatively
simple matter of following an arbitrary transect to pass over these. Later, the schools dispersed,
and the opportunity was seized to observe the same school repeatedly. Detections with four
different TOPAS waveforms are demonstrated in Fig. 2: a 20 ms duration frequency-modulated
(FM) pulse spanning the frequency band 1–6 kHz, and three continuous-wave (cw) pulses, each
with four cycles, at 6, 3, and 1.5 kHz, respectively. Herring schools were also detected at inter-
mediate frequencies as well as at 1.2 kHz. A pelagic trawl taken in the vicinity of the observa-
tions reported in Fig. 2 yielded exclusively herring, length 15.5–37.5 cm, mean 30.5 cm.
Detection at lower frequencies, which could be useful vis-à-vis swimbladder-
resonance excitation, requires further work. The ambient noise is rather high at such frequen-
cies, while the parametric array itself is less efficient at generating low difference-frequency
signals, since the intensity varies as the fourth power of the difference frequency.17
Again, a basic similarity in form, especially with respect to the upper surface of the
schools, is evident when comparing TOPAS echograms with the corresponding EK60/18-kHz
echograms. As in the case of the herring layers in 2008, the herring schools do not display
differential avoidance effects to within the width of the narrow TOPAS beam at the upper sur-
face of the schools.
4.3 Future work
The accomplishment of this work is demonstration of the ability of theTOPAS parametric sonar
to detect herring in the water column using a variety of transmit signals. The larger goal of the
work, using the parametric sonar to quantify pelagic fish such as herring, is now being pursued.
The envisioned quantification involves determination of numerical density, as by echo
integration,2 and determination of the swimbladder-resonance frequency for remote sizing and
other classification.
The two essential requirements for quantification have already been defined.27,28 The
parametric sonar echoes must be compensated for range to remove simple geometric scattering
2,29,30effects, as is done routinely with conventional sonars. This is relatively complicated in the
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nearfield, while the difference-frequency beamwidth decreases.28 The range compensation
function for expression of TOPAS data as relative values of volume backscattering strength has
been described and evaluated numerically in a separate study.
The parametric sonar also requires calibration. The standard-target method31,32 is be-
ing adapted for parametric sonar. The first calibration trial was conducted on 10 December
2008. Echoes from a 280-mm-diameter solid sphere of an aluminum alloy33 were measured at
each of three depths with a variety of transmit signal waveforms.27 The target position is being
determined by simultaneous observations with the EK60/18- and 38-kHz scientific echo
sounder, whose split-beam transducers are located in the vicinity of theTOPAS transducer. This
Fig. 2. Echograms collected on the same school of Norwegian spring-spawning herring in its wintering area near
N71.3, E15 on 15 November 2009 during repeated passes with R/V “G. O. Sars” while sailing at 5 m/s. Upper
panel: Echograms obtained with the TOPAS PS18 parametric sonar, expressed as raw values without range com-
pensation, for each of four transmit signals, with frequency band indicated for the 20-ms duration linear FM signal
and with center frequency indicated for the 4-cycle cw burst. Echo data were sampled at 25 kHz following a 50-ms
trigger delay, represented by the blank area at the top of the echogram. The TOPAS echoes have been processed by
matched filtering for the FM signal and bandpass filtering for the cw signals. Lower panel: Respective echograms
obtained with the EK60/18-kHz scientific echo sounder, with 1-ms duration transmission at 18-kHz, expressed as
values of volume backscattering strength.will enableTOPAS echoes to be expressed in physical scattering units of volume backscattering
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able, the echo spectrum will be examined. The use of both broadband FM signals and a series of
narrowband CW signals will enable a strong comparison to be made.
The same TOPAS data will also be compared with data collected simultaneously with
the ultrasonic EK60 scientific echo sounder. This will prove the consistency and potential use-
fulness of parametric sonar for quantification of swimbladder-bearing fish in the very region
where the parametric beam is being formed.
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